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(54) ANTENNA COIL TUNING MECHANISM FOR MAGNETIC COMMUNICATION

(567)  Disclosed is an integrated circuit for a near-field
radio, including an inductive-capacitive (LC) tank anten-
na circuit designed to operate at a predetermined carrier
frequency, the tank LC tank antenna circuit including a
variable capacitor and an antenna element, a transmitter
configured to output a channel sounding signal (CSS) to
the LC tank antenna circuit, a receiver to receive the CSS
and a tank response from the LC tank antenna circuit, a

tank response estimator to extract the tank response of
the LC tank antenna circuit by removing the CSS from
the received signal and determining an oscillation fre-
quency of the LC tank antenna circuit, and a controller
to adjust a reactance of the LC tank antenna circuit to
resonate the LC tank antenna circuit and change the os-
cillation frequency to the predetermined carrier frequen-

cy.
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Description
TECHNICAL FIELD

[0001] Embodiments described herein generally relate
to an apparatus and method for tuning an antenna coil.
Such an apparatus and method may be used for various
communication systems including those using a magnet-
ic field to communicate such as near field magnetic in-
duction (NFMI) or Near-Field Communications (NFC).
NFMI may be used in truly wireless in-ear headphones,
hearing aid instruments, and mission-critical communi-
cation.

SUMMARY

[0002] A briefsummary of various embodiments is pre-
sented below. Some simplifications and omissions may
be made in the following summary, which is intended to
highlight and introduce some aspects of the various em-
bodiments, but not to limit the scope of the invention.
Detailed descriptions of embodiments adequate to allow
those of ordinary skill in the art to make and use the in-
ventive concepts will follow in later sections.

[0003] Various embodiments include an integrated cir-
cuit for a near-field radio, including an inductive-capaci-
tive (LC) tank antenna circuit designed to operate at a
predetermined carrier frequency, the tank LC tank an-
tenna circuit including a variable capacitor and an anten-
na element, a transmitter configured to output a channel
sounding signal (CSS) to the LC tank antenna circuit, a
receiver to receive the CSS and a tank response from
the LC tank antenna circuit, a tank response estimator
to extract the tank response of the LC tank antenna circuit
by removing the CSS from the received signal and de-
termining an oscillation frequency of the LC tank antenna
circuit; and a controller to adjust a reactance of the LC
tank antenna circuit to resonate the LC tank antenna cir-
cuit and change the oscillation frequency to the prede-
termined carrier frequency.

[0004] CSS parameters may be stored in a look-up ta-
ble of amemory elementto enable generation of the CSS.
[0005] The CSS mayhaveabandwidth aroundthe pre-
determined carrier frequency.

[0006] The CSS may be an orthogonal frequency divi-
sion multiplexing (OFDM) signal. The CSS may be a chirp
sequence. The CSS may be a combined orthogonal fre-
quency division multiplexing (OFDM) signal and chirp se-
quence.

[0007] The tank response estimator may determine a
relative oscillation frequency offset of an antenna coil.
[0008] The reactance of the LC antenna circuit may be
a variable capacitor. The reactance of the LC antenna
circuit may be an inductance of the antenna.

[0009] Various embodiments may include a method of
tuning an antenna coil having a predetermined carrier
frequency, including sending a single channel sounding
signal (CSS) through an inductive-capacitive (LC) tank
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antenna circuit having inductive and capacitive compo-
nents to estimate a tank response, receiving a received
signal including the CSS and a tank response from the
LC tank antenna circuit, extracting the tank response of
the LC tank antenna circuit by removing the CSS from
the received signal, using the tank response to determine
an oscillation frequency of the LC tank antenna circuit,
and adjusting a reactance of the LC tank antenna circuit
to resonate the LC tank antenna circuit at the predeter-
mined carrier frequency.

[0010] The method may include reading the CSS sig-
nal from a memory element before sending it through the
LC tank antenna circuit.

[0011] CSS parameters may be stored in a look-up ta-
ble of the memory element to enable generation of the
CSS.

[0012] The CSS may have abandwidth around the pre-
determined carrier frequency.

[0013] The method may include adjusting a resistor of
the LC tank antenna circuit to tune a bandwidth of the
LC tank antenna circuit.

[0014] The method may include determining a relative
oscillation frequency offset of an antenna coil.

[0015] The CSS of the method may be an orthogonal
frequency division multiplexing (OFDM) signal. The CSS
of the method is a chirp sequence. The CSS of the meth-
od may be a combined orthogonal frequency division
multiplexing (OFDM) signal and chirp sequence.

[0016] Adjusting the reactance may include adjusting
a capacitance of the variable capacitor. Adjusting the re-
actance may include adjusting an inductance of the an-
tenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Additional objects and features of the invention
will be more readily apparent from the following detailed
description and appended claims when taken in conjunc-
tion with the drawings. Although several embodiments
are illustrated and described, like reference numerals
identify like parts in each of the figures, in which:

FIG. 1 illustrates magnetic coupling of antenna coils
in a near field arrangement in accordance with em-
bodiments described herein;

FIG. 2 illustrates a radio transceiver in accordance
with embodiments described herein;

FIG. 3 illustrates LC tank antenna circuit resonance
frequency measurement in accordance with embod-
iments described herein; and

FIG. 4 illustrates a radio transceiver in accordance
with embodiments described herein.
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DETAILED DESCRIPTION

[0018] It should be understood that the figures are
merely schematic and are not drawn to scale. It should
also be understood that the same reference numerals
are used throughout the figures to indicate the same or
similar parts.

[0019] The descriptions and drawings illustrate the
principles of various example embodiments. It will thus
be appreciated that those skilled in the art will be able to
devise various arrangements that, although not explicitly
described or shown herein, embody the principles of the
invention and are included within its scope. Furthermore,
all examples recited herein are principally intended ex-
pressly to be for pedagogical purposes to aid the reader
in understanding the principles of the invention and the
concepts contributed by the inventor(s) to furthering the
art, and are to be construed as being without limitation
to such specifically recited examples and conditions. Ad-
ditionally, the term, "or," as used herein, refers to a non-
exclusive or (i.e., and/or), unless otherwise indicated
(e.g., "orelse" or "or in the alternative"). Also, the various
embodiments described herein are not necessarily mu-
tually exclusive, as some embodiments can be combined
with one or more other embodiments to form new em-
bodiments. As used herein, the terms "context" and "con-
text object" will be understood to be synonymous, unless
otherwise indicated. Descriptors such as "first," "second,"
"third," etc., are not meant to limit the order of elements
discussed, are used to distinguish one element from the
next, and are generally interchangeable.

[0020] Near Field Magnetic Induction (NFMI) technol-
ogy is an emerging technology being used in lieu of, or
sometimes in combination with Bluetooth radio frequen-
cy (RF). NFMI is more power-efficient than RF for short
distances. The steep degradation of NFMI signal strength
as a function of distance increases privacy and reduces
issues with interference compared to RF. Less issues
with interference means increased robustness. NFMI
propagates through the human body with very low ab-
sorption, whereas RF does not.

[0021] During sports and fitness activities, forexample,
the wires of today’s in-ear headphones (known as ear-
phones, earbuds, efc.) are a genuine inconvenience and
can potentially be unsafe. Truly wireless in-ear head-
phones include wireless audio streaming from ear-to-ear
to provide substantially increased user comfort for sport
activities, and in general in all situations where wires are
undesired, unwanted, and annoying to users.

[0022] Existing earbuds have a wired connection from
ear to ear. This is largely due to the fact that sending a
stereo audio stream towards two distinct earbuds is chal-
lenging with today’s 2.4GHz technology. A standard
Bluetooth A2DP profile, which supports only point-to-
point connections, does not support this use case. For-
warding a high quality audio stream from one ear to the
other using reasonable power levels is notoriously diffi-
cultusing 2.4 GHz technology because most of the signal
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is absorbed by the human body tissue.

[0023] The wireless technology being used to enable
truly wireless earbuds is based on Near Field Magnetic
Induction (NFMI). NFMI features properties such as ultra-
low power consumption and the ability to create a very
reliable network in and around the human body, with both
high-quality audio and data streaming supported over
small distances (<1m). An additional integration advan-
tage is also that it requires few external components.
NFMI is a short range technology and as such also cre-
ates a private network, making it much less susceptible
to interference than 2.4 GHz transceivers.

[0024] FIG. 1 illustrates magnetic coupling of antenna
coils in a near field arrangement 100 in accordance with
embodiments described herein. A tuner circuit may in-
clude an inductor and capacitor connected in parallel,
where the capacitor or inductor is made to be variable.
This configuration may create a resonant tank circuit
which responds to an alternating current at one frequen-
cy, the carrier frequency. After manufacture, values of
the components of the tank circuit, for example the in-
ductive antenna, may have shifted. One purpose of em-
bodiments described herein is to determine the frequen-
cy of the tank circuit and adjust a setting of the variable
capacitor to create resonance with the antenna at the
predetermined carrier frequency of the transmitter and
receiver. A variable resistor may also be adjusted to de-
termine a desired bandwidth. Another approach is to not
adjust a tank response but to change the carrier frequen-
cy of a transmission to line up with an oscillation frequen-
cy of the tank circuit. In such a way, a variable capacitor
may not be used.

[0025] Magnetic communication such as NFMI radio
or near field communication (NFC) make use of a trans-
mitter antenna coil 110 and receiver antenna coil 120,
which are magnetically coupled to each other and thus
enable communication. Data or audio received from an
external source 130 is input to a transmitter circuit 140
that includes transmission processing components and
a coil driver. Voice or data may be modulated onto a
carrier frequency and transmitted through the transmitter
antenna coil 110. Atthereceive side for NFC, the receiver
antenna coil 120 when placed proximate to the transmit-
ter antenna coil 110, will energize and receive the mod-
ulated carrier signal. Receiver circuit 150 may include a
low noise amplifier to amplify the level of the received
signal as well as other receive processing components
to demodulate the received signal and output data 160
for further use.

[0026] FIG. 2 illustrates a radio transceiver 200 in ac-
cordance with embodiments described herein. The NFMI
radio transceiver 200 may include an LC tank circuit 205.
In order to increase a communication range, resonant
coils are used such as antenna coil 210 having an in-
ductance L, where the correct amount of capacitance C
is added to the coil (either in parallel or series) using
programmable capacitor bank 230 to ensure resonance
at a carrier frequency. Additionally, a quality factor (Q)
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ofthe resulting LC tank circuit 205 is controlled to achieve
the right amount of bandwidth for the communication. If
the bandwidth of the LC tank circuit 205 is too narrow,
the transmitted signal will be distorted, leading to inter-
symbol interference (ISI). If the bandwidth of the LC tank
circuit 205 is too wide, then the quality factor Q is too low
and the achievable range will drop accordingly due to for
example increased noise and interference.

[0027] Theantennacoil210 may be external or internal
to a radio transceiver IC 220 and both its inductance L
and Q can vary due to production tolerances and due to
nearby metallic objects. The NFMI radio transceiver 200
may be controlled by a controller 215 that is internal or
external to the radio transceiver IC 220. In designs that
use NFMI radios in accordance with embodiments de-
scribed herein, there may be a parallel, programmable
capacitor bank 230 to tune the resonance frequency of
the antenna coil 210 such that the resonance frequency
aligns with the carrier frequency (10MHz for NFMI and
13.56MHz for NFC). Additionally, a programmable resis-
tor bank 240 is included which can be used to control the
Q of LC tank antenna circuit 205.

[0028] In order to determine a correct amount of ca-
pacitance and resistance to add to the LC tank antenna
circuit 205, a coil measurement and tuning algorithm is
used. In an existing coil tuning algorithm, three consec-
utive tones are generated by the controller 215 and output
from the transmitter 250.

[0029] A tone having a carrier frequency may be rep-
resented by f0. This tone is generated by a sending an
unmodulated carrier to a transmitter 250. A lower fre-
quency f1 =f0 - fs/2 is further generated, with fs equal to
the baseband symbol rate. This tone may be generated
by FSK-modulating a series of 0 bits. A higher frequency
of f2 = f0 + fs/2 is further generated, with fs equal to the
baseband symbol rate. This tone may be generated by
FSK-modulating a series of 1 bits.

[0030] While each tone is applied consecutively to the
LC tank antenna circuit 205 by the transmitter 250, a
receiver 255 makes a measurement of received signal
strength (RSSI). This RSSI measurement is a direct
measurement of the frequency response of the LC tank
antenna circuit 205 at the tone which is being applied.
[0031] Alternatively, instead of matching a resonant
frequency of the tank circuit 205 to a carrier frequency,
embodiments described herein may change a carrier fre-
quency of a transmission line to line up with an oscillation
frequency of the tank circuit 205. In this configuration,
adjustment of the variable capacitor 230 is not needed
to adjust the frequency of the tank circuit 205.

[0032] FIG.3illustrates the LC tank antenna circuitres-
onance frequency measurement 300 in accordance the
existing tuning algorithm where three consecutive tones
are applied. By comparing the frequency response meas-
urements of the three tones f0, f1, and 2, as illustrated
in FIG. 3 the offset of the carrier frequency with respect
to the LC tank antenna circuit 205 resonance frequency
of FIG. 2 can be estimated. From this offset estimate, a
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correction to a programmable capacitor bank 230 of FIG.
2 can be derived and applied.

[0033] The three tones 0, f1, and f2 are applied se-
quentially for a certain period of time which includes the
time for the LC tank antenna circuit 205 to stabilize to the
equilibrium response for each frequency and the time to
make an accurate RSSI measurement. LC tank antenna
circuit 205 response is measured in terms of voltage, the
amplitudes received on the LC tank antenna circuit 205.
When well tuned as illustrated by the graph in the middle,
the carrier frequency fO should be in the middle, and the
lower frequency f1 and higher frequency f2 should be
offset, and their measured RSSI should be lower than
the RSSI at f0. When the measured RSSI at f1 and 2
are equal, the quality factor Q can be determined by the
difference between the RSSI at f0 and f2 or the difference
between the RSSI at fO and f1, which can be used to
determine the bandwidth of the LC tank antenna circuit
205. From the three measurements, it can be determined
if the LC-tank antenna circuit 205 is offset to the left or
to the right, either too high frequency or too low.

[0034] In total, the existing tuning algorithm where
three consecutive tones are applied, means that tuning
the LC-tank antenna circuit 205 takes a significant
amount of time and may reduce the effective data rate
for the system (because during tuning communication is
not possible) and requires additional current as the LC-
tank antenna circuit 205 may be driven during the whole
period.

[0035] The frequency span of the 3 tones is limited to
fs, the baseband symbol rate. If the LC-tank antenna cir-
cuit 205 resonance frequency is outside this frequency
span, the algorithm has a hard time distinguishing wheth-
er the resonance frequency is higher or lower than the
carrier frequency. Then the resonance frequency may
be searched for, further increasing the time to tune the
receiver.

[0036] FIG. 4 illustrates a radio transceiver 400 in ac-
cordance with embodiments described herein. The radio
transceiver 400 may include an LC tank circuit 405 having
an antenna coil 410, a programmable capacitor bank
430, and a programmable resistor bank 440. The radio
transceiver 400 may also include transmitter circuitry
450, and receiver circuitry 455. The transmitter circuitry
450 and receiver circuitry 455 may be elements on a
large chip 420 that includes many other components (not
illustrated).

[0037] The radio transceiver 400 may include a chan-
nel sounding sequence (CSS) memory element 460 to
store and playback a CSS to be used for circuitresonance
determination. The CSS may be a pre-amble or non-se-
quence of signals combined with a data signal and used
to estimate a desired channel between the transmitter
circuitry 450 and receiver circuitry 455. The radio trans-
ceiver 400 may include a data generation circuit 465 to
generate audio and other data to be transmitted via a
transmitter. A CSS output by the CSS memory 460 and
a data signal generated by the data generation circuit
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465 may be multiplexed by a multiplexer 470 and se-
quentially output to the transmitter circuitry 450. The CSS
transmission signal will be stored in the CSS memory
460 and output therefrom. The CSS signal can be gen-
erated offline and loaded into the CSS memory 460 and
used when desired.

[0038] In accordance with embodiments described
herein, rather than sending three consecutive sine waves
to estimate the channel response at three distinct fre-
quencies, a method of tuning the antenna coil 410 may
use the CSS memory 460 to generate and send a single
CSS that may be used to estimate a complete tank re-
sponse of the LC tank circuit 405 over a whole frequency
band of interest. This single CSS, which may be config-
ured to have a bandwidth near the carrier frequency fc,
uses the transmitter circuitry 450. The transmitter circuit-
ry 450 may upconvert the CSS to a desired frequency
and to apply it to the LC tank circuit 405. Transmitted
through the LC tank circuit 405, the CSS may be acted
upon by the LC tank circuit 405, picking up the response
thereof and tank noise. On a receive side, the receiver
circuitry 455 may be used to receive the resulting signal
and to convert it back to baseband. The baseband signal
is output to a demultiplexer 475 that demultiplexes the
baseband signal into a modified CSS signal. The modi-
fied CSS signal may be output to a tank response esti-
mator 480. Data received from another device may be
output to a data receiver 485.

[0039] Based on the received baseband signal from
the receiver circuitry 455, which is the convolution of a
known CSS sequence with the tank response with tank
noise added, the tank response estimator 485 can extract
the response of the LC tank 405 by removing the known
CSS signal from the received signal. From this, the os-
cillating frequency of the tank circuit can be determined,
and the value of the programmable capacitor bank 430
can be adjusted to alter the oscillating frequency to be
the same as the predetermined carrier frequency. Also,
a value of the inductive antenna 410 may be adjusted to
alter the oscillating frequency to be the same as the pre-
determined carrier frequency. In other words, a reac-
tance of the LC tank antenna circuit 405 may be adjusted,
be it either adjusting a variable capacitor 430 or the in-
ductive antenna 410. Any known transmit sequence is in
theory possible but preferably, the CSS sequence is cho-
sen such that the tank response estimator 485 can easily
remove the CSS signal from the received signal to extract
the LC tank response. The tank response estimator 485
may be embodied in a digital signal processor (DSP).
[0040] Various approaches for such a channel sound-
ing signal (CSS) can be considered. One option is to use
an orthogonal frequency division multiplexing (OFDM)
signal with known reference signals. Using OFDM, a sig-
nal is input and portions of the signal or multiple signals
are put on different frequency carriers and separated in
the frequency domain. To obtain a high spectral efficien-
cy, the frequency responses of the frequency carriers are
overlapping and orthogonal. To generate that signal
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based upon the carrier an inverse FFT is taken, which
modulates the signal. Because the transmitter circuitry
450 sends and receives a single known sequence (CSS),
the OFDM signal generation and demodulation can be
simplified substantially, such that no general OFDM mo-
dem is required. Additionally, the OFDM-based CSS se-
quence can be optimized to different goals (peak-to-av-
erage, CSS generator complexity, tank response estima-
tor complexity) by optimizing the reference signals on
various subcarriers without any impact on the tank re-
sponse estimation accuracy.

[0041] Another version of a CSS may be a chirp se-
quence that implements a frequency sweep, and the re-
sponse is given as a function of time. Alternatively, a
combination of an OFDM and chirp sequence may be
used as the CSS, and other channel sounding signals
may be used as well.

[0042] By selective design ofthe channel sounding sig-
nal CSS, the tank response estimator 485 can be made
in different ways. In the time domain, the received signal
is the convolution of the transmitted CSS signal with the
tank response with noise added. Subtracting out the CSS
and noise to arrive at the tank response is challenging.
In the frequency domain, the receiver circuitry 455 re-
ceives the tank response multiplied by the CSS frequen-
cy, plus noise. When tank response estimation is per-
formed in the frequency domain, a Least-Squares (LS)
estimation of the tank response can be obtained by divi-
sion by the CSS frequency. Alternatively, a Minimum
Mean Square Error (MMSE) estimation filter can be ap-
plied to estimate the tank response.

[0043] To achieve these results, the tank response es-
timator 485 may be a digital component such as an es-
timator having low complexity and high accuracy. For
example, a one-dimensional (ID) tank response estima-
tor 485 may be used to receive the OFDM signal. Two
types of tank response estimators 485 include block-type
and comb-type in which reference signals are inserted
in the frequency direction and in the time direction, re-
spectively. The estimations for the block-type pilot ar-
rangement may be based on least square (LS), minimum
mean-square error (MMSE), and modified MMSE. The
estimations for the comb-type arrangement includes the
LS estimator with 1D interpolation, the maximum likeli-
hood (ML) estimator, and the parametric channel mod-
eling-based (PCMB) estimator.

[0044] Embodiments described herein have many
characteristics. The proposed scheme has a very wide
locking range. The bandwidth of the CSS can be made
as wide as needed to cover the full range of possible
oscillation frequencies of the un-tuned LC tank (as de-
fined by the shift and tolerance of the antenna induct-
ance). The bandwidth of the CSS can be different from
the bandwidth of the actual data transmission scheme,
which gives additional design flexibility.

[0045] The proposed scheme has high accuracy. Us-
ing a CSS, a whole channel response may be measured
in one step rather than at three discrete frequencies. Very
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accurate estimation of the actual oscillation frequency of
the LC tank is permitted. A length of the CSS can be
tuned for more or less noise averaging, depending on
the required signal to noise (SNR) ratio for the tank re-
sponse estimator, the noise level of the tank and the drive
level of the transmitter circuitry 450.

[0046] According to embodiments described herein,
fast tank measurement and tuning are possible. The ex-
isting approach requires three consecutive measure-
ments where the tank needs to stabilize three times. As
described herein, the tank stabilizes once. This structure
and method lead to reduced power consumption and less
impact on system throughput. By measuring the whole
channel response in one step in combination with select-
ing the right bandwidth for the CSS, the oscillation fre-
quency of the LC tank may be identified immediately from
the tank response estimation and no iterations are re-
quired.

[0047] The CSS generator 460 and tank response es-
timator 480 have small area and power impact. These
circuits may be purely digital circuits and may be opti-
mized heavily. As a result, they require very little addi-
tional area overhead. Both the CSS generator 460 and
tank response estimator 480 can be switched off com-
pletely during normal data communication. Hence, the
power overhead is negligible.

[0048] One of the aspects of embodiments described
herein is a digital approach in that the CSS memory 460
includes a pre-defined look-up transmission signal. Once
the signal is received back via the receiver circuitry 455,
the convoluted received signal can be inputinto the digital
domain to be processed in an efficient manner. The cal-
ibration of the radio transceiver 400 may be performed
during the initial tuning of a device it is installed within.
[0049] Using a CSS permits the testing circuit to per-
form an action separately than an actual data transmis-
sion of a radio circuit. This allows the testing or tuning
circuit to use a much wider bandwidth than the actual
transmission scheme.

[0050] Components of the radio transceiver circuit 400
may have high accuracy because they are purely digital.
After a CSS signal is removed during the receive oper-
ation, the oscillation frequency of the circuit may be ex-
tracted. Performing calibration using the OFDM ap-
proach, a whole frequency response is obtained, on the
order of 512 points depending on the length of the Fast
Fourier Transform (FFT) that is used. The whole re-
sponse may be seen and using the tank response esti-
mator 485, the oscillation frequency may be extracted as
well as the bandwidth. High accuracy may also be ob-
tained as there is a tradeoff between the length of the
CSS toresult in better SNR based on the noise level and
the drive level of the circuit 400.

[0051] Whenthe CSSsignalisremoved inthe frequen-
cy domain, the tank frequency response of the tank circuit
remains. Knowing a measure of the coil 410, the actual
oscillation frequency of the tank circuit 405 remains and
the parameters of the variable capacitor 430 or the an-
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tenna coil 410 may be changed to match the carrier fre-
quency. The parameter of the variable resistor 440 may
also be changed to obtain a specified bandwidth.
[0052] Embodiments described herein may be used in
NFMI radios in the Hearables space and to other mag-
netic systems relying on resonating coils for either com-
munication or power transfer. Examples include all NFC
systems as well as power transfer standards such as
A4WP.

[0053] Disclosed is an integrated circuit for a near-field
radio, including an inductive-capacitive (LC) tank anten-
na circuit designed to operate at a predetermined carrier
frequency, the tank LC tank antenna circuit including a
variable capacitor and an antenna element, a transmitter
configured to output a channel sounding signal (CSS) to
the LC tank antenna circuit, areceiver to receive the CSS
and a tank response from the LC tank antenna circuit, a
tank response estimator to extract the tank response of
the LC tank antenna circuit by removing the CSS from
the received signal and determining an oscillation fre-
quency of the LC tank antenna circuit, and a controller
to adjust a reactance of the LC tank antenna circuit to
resonate the LC tank antenna circuit and change the os-
cillation frequency to the predetermined carrier frequen-
cy.

[0054] It should be apparent from the foregoing de-
scription that various exemplary embodiments of the in-
vention may be implemented in hardware. Furthermore,
various exemplary embodiments may be implemented
as instructions stored on a non-transitory machine-read-
able storage medium, such as a volatile or non-volatile
memory, which may be read and executed by at least
one processor to perform the operations described in de-
tail herein. A non-transitory machine-readable storage
medium may include any mechanism for storing informa-
tion in a form readable by a machine, such as a personal
or laptop computer, a server, or other computing device.
Thus, a non-transitory machine-readable storage medi-
um may include read-only memory (ROM), random-ac-
cess memory (RAM), magnetic disk storage media, op-
tical storage media, flash-memory devices, and similar
storage media and excludes transitory signals.

[0055] Although the various exemplary embodiments
have been described in detail with particular reference
to certain exemplary aspects thereof, it should be under-
stood that the invention is capable of other embodiments
and its details are capable of modifications in various
obvious respects. As is readily apparent to those skilled
in the art, variations and modifications can be effected
while remaining within the spirit and scope of the inven-
tion. Accordingly, the foregoing disclosure, description,
and figures are for illustrative purposes only and do not
in any way limit the invention, which is defined only by
the claims.
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Claims termined carrier frequency, comprising:

sending a single channel sounding signal (CSS)

1. Anintegrated circuit for a near-field radio, compris-

ing:

through aninductive-capacitive (LC) tank anten-

5 na circuit having inductive and capacitive com-
aninductive-capacitive (LC) tank antenna circuit ponents to estimate a tank response;
designed to operate at a predetermined carrier receiving a received signal including the CSS
frequency, the tank LC tank antenna circuit in- and a tank response from the LC tank antenna
cluding a variable capacitor and an antenna el- circuit;
ement; 10 extracting the tank response of the LC tank an-
a transmitter configured to output a channel tenna circuit by removing the CSS from the re-
sounding signal (CSS) to the LC tank antenna ceived signal;
circuit; using the tank response to determine an oscil-
a receiver to receive the CSS and a tank re- lation frequency of the LC tank antenna circuit;
sponse from the LC tank antenna circuit; 15 and
a tank response estimator to extract the tank adjusting a reactance of the LC tank antenna
response of the LC tank antenna circuit by re- circuit to resonate the LC tank antenna circuit at
moving the CSS from the received signal and the predetermined carrier frequency.
determining an oscillation frequency of the LC
tank antenna circuit; and 20 11. The method of claim 10, comprising reading the CSS
a controller to adjust a reactance of the LC tank signal from a memory element before sending it
antenna circuit to resonate the LC tank antenna through the LC tank antenna circuit.
circuit and change the oscillation frequency to
the predetermined carrier frequency. 12. The method of claim 10 or 11, wherein CSS param-

25 eters are stored in a look-up table of the memory

The integrated circuit of claim 1, wherein CSS pa- element to enable generation of the CSS.
rameters are stored in a look-up table of a memory
element to enable generation of the CSS. 13. The method of any of claims 10 to 12, wherein the
CSS has abandwidth around the predetermined car-
The integrated circuit of any preceding claim, where- 30 rier frequency.
in the CSS has a bandwidth around the predeter-
mined carrier frequency. 14. The method of any of claims 10 to 13, comprising
adjusting a resistor of the LC tank antenna circuit to
The integrated circuit of any preceding claim, where- tune a bandwidth of the LC tank antenna circuit.
in the CSS is an orthogonal frequency division mul- 35
tiplexing (OFDM) signal. 15. The method of any of claims 10 to 14, comprising
determining a relative oscillation frequency offset of
The integrated circuit of any preceding claim, where- an antenna coil.
in the CSS is a chirp sequence.
40
The integrated circuit of any preceding claim, where-
in the CSS is a combined orthogonal frequency di-
vision multiplexing (OFDM) signal and chirp se-
quence.
45
The integrated circuit of any preceding claim, where-
in the tank response estimator determines a relative
oscillation frequency offset of an antenna coil.
The integrated circuit of any preceding claim, where- 50
in the reactance of the LC antenna circuitis a variable
capacitor.
The integrated circuit of any preceding claim, where-
in the reactance of the LC antenna circuit is an in- 55

ductance of the antenna.

10. A method of tuning an antenna coil having a prede-
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